Methylphenidate vs. Atomoxetine in Youth

With ADHD: Comparative Effectiveness,
Differential Response and Preference

Jeffrey H. Newcorn, MD
Mark Stein, PhD
Tom Hildebrandt, PhD

A

. 1 Mount
Seattle Children's From Science to Service, and Back Sinai

EEEEEEEEEEEEEEEEEEEEEEEEEE




Disclosure — Past Year

Alcobra

Biobehavioral X

Diagnostics

Enzymotec X X

GencoSciences X

Lupin X

Neurovance X

Shire X X

Sunovion X



MACRO Study: Rationale

The large majority of stimulant-treated youth have a
significant reduction in symptoms, a smaller number
achieve normalized function

FDA-approved non-stimulant medications offer therapeutic
alternatives; but more information is needed to guide
treatment selection

ATX is structurally unrelated to the stimulants and works via
a somewhat different mechanism, suggesting it may be
effective for individuals who cannot tolerate or who have
inadequate response to stimulants

Few studies have examined comparative efficacy and
tolerability, or the extent to which there is optimal or
differential response



Objectives: MACRO Study and This Presentation

* To assess comparative effectiveness of OROS methylphenidate
(MPH) and atomoxetine (ATX) in a head to head, crossover
clinical trial which approximated “real-world” conditions

— Which patient characteristics, AD/HD presentations or genotypes
respond better to which medication?

* To examine the relationship between the clinical trial results
and patient preference for treatment after the study

* To examine similarities and differences in mechanism of action
of the two medications

— Is there a neurobiological basis for differential response?



MACRO Study: Design

Rrdbnition Aes=mnart Assessment Afes=mart

Randomized (for order); double-blind, crossover design
Major assessments at baseline and end of treatment for each block




MACRO Study: Key Inclusion Criteria

ADHD, any subtype, as determined by...
— K-SADS interview

— ADHD RS total score > 1.5 SD for age and gender means, by
subtype

CGI-S-ADHD (severity) rating > 4 (moderate)
Age 7 — 17 years at study entry

Full scale 1Q >75

Weight between 20 - 85 kg

Must not have been a non-responder to or poorly tolerated
either medication at the doses offered in the study

If previously treated, off medication for 2 weeks
Able to follow the rigorous visit schedule for the entire study



MACRO Study: Measures

ADHD symptoms and severity (BL and EOT; each block)
— ADHD-RS-IVtinterview; informed by parent interview (blind rater)
— CGl-Severity (blind rater); CGI-Overall and CGI-I (investigator)
— Conners’ PRS (parent)

Associated features

— General psychopathology (parent) : CBCL (BL only)

— Internalizing symptoms/social function (parent): SSRS

— Mood (child): CDI

— Disruptive behavior (parent): Conners oppositional subscale
Functional Status: WFIRS?

Services measures

— Overall preference/Treatment selection (after the study)

1. DuPaul, G. J. et al. 1998; 2. Weiss, M., et al. 2000.



MACRO Study: Sample Characteristics

Randomized Completers

N =232 N =199
Gender Male 169 (72.7%) 152 (76.3%)
Female 63 (27.3%) 47 (23.7%)

Ethnicity

African American 78 (33.8%) 63 (31.8%)

Asian 1 (0.4%) 1 (0.5%)

Biracial 22 (9.5%) 19 (9.6%)
Hispanic 48 (20.8%) 43 (21.7%)
White 83 (35.5%) 73 (36.4%)

Prior Stimulant Treatment

78 (35.0%)

69 (36.4%)

Age 10.41 (2.72) 10.44 (2.70)
ADHDRS-Total 39.70 (9.43) 39.99 (9.62)
ADHD-RS H/I 16.99 (7.52) 17.24 (7.67)
ADHD-RS Inattention 22.84 (3.85) 22.91 (3.89)
CGI-S 5.11 (0.73) 5.14 (0.71)

SES (Hollingshead)

35.35 (15.83)

35.22 (16.12)




MACRO Study: Dosing Strategies

* General considerations
— Once daily administration
— Blinding via “double-dummy” approach
— Blister packs to prevent errors

* Titration strategy
— Weekly visits to assess response and tolerability

— Flexible, upward titration to “best tolerated dose”

* Increase dose if room for improvement and tolerability adequate
— Trial duration

* Minimum of 3 weeks per block — usually 5 — 7 weeks

* EOT assessment after 2 weeks at best tolerated dose

* Four dose levels
— OROS Methylphenidate: 18, 36, 54, 72 mg

— Atomoxetine: 0.5, 1.0, 1.4, 1.8 mg/kg



MACRO Study: Titration Results

* Enrollment and completion rates
— Completers ~ 199 (both sites)
— Dropouts ~ 33* (both sites)

 Mean dose levels (both sites)
— OROS MPH: 54 mg (SD: 18.02; Range: 18 — 72)
— ATX: 1.35 mg/kg (SD: 0.47; Range: 0.5 — 1.8)

e Duration of treatment
— OROS MPH: 6.14 weeks (SD: 2.60; Range: 1 - 16)
— ATX: 6.05 weeks (SD: 2.78; Range: 1 - 22)

* Dropout count includes 5 administratively randomized participants who left before taking drug



Statistical Analyses:
Primary Comparative Effectiveness

* Multiple Group Sequential Growth Curve Model(s)
— Random Intercept/Slope
* Accounts for variability between-subjects; trajectory of change
— Time varying assessment points
e Accounts for unequal time on drug across subjects
— Missing at Random (MAR) Maximum Likelihood-EM method
e Confirmed by statistical tests (Little; Reubin)
— Effect Size d
* End of block mean differences between groups
— Model accounts for “carryover” (time) effects

* Mean difference at block 2 outcome adjusted for carryover



Comparative Response: Model Estimated
Means for ADHD-RS Total Score

Block 1 Block 2

39.56 38.90
(.91) (.91)

33.40 33.34

15 - 15 —(1.18)(1.11)
10 - 10 -
5 - 5 -
0 - 0 -
Baseline 1 End of Block Baseline 2 End of Block
B MPH (n=124) ™ ATX (n=108) ® MPH (n=108) M ATX(n=124)

N = 232 randomized; all randomized subjects included in analysis; baseline 2 is ~15% lower than baseline
1, and is not different by drug; correlation of block 2 and block 1 response (adjustment for carryover)
*
p <.05



70%

60%

50%

40%

30%

20%

10%

0%

Responder Rates by Drug and Block

65.1%

52.2%

47 | 12| 31| 71 | 18 | 20

- ATX 56.3%

B wveu

(V)
46.8% 45.6%

38 1 20 | 51 41 | 21 | 28 85 32 82] 112 39 48

ER MR NR ER MR NR ER MR NR ER MR NR ER MR NR ER MR NR
Block 1 Block 2 Overall
NNT = 8.0 (MPH > ATX) NNT =10.0 (MPH > ATX) NNT = 7.0 (MPH > ATX)
NNH = 6.2 (ATX > MPH) NNH = 6.4 (ATX > MPH) NNH = 5.0 (ATX > MPH)
ER = Excellent Response; >50% Change Formula for NNT= 1/(% ER-MPH - % ER ATX)

MR = Moderate Response; 30% to < 50% Change Formulafor NNH=1/(% NR ATX - % NR MPH)
NR = <30% Change

*Only completers shown (n = 199)



MACRO Study: Differential Response

Excellent Moderate Non
Response Response Response Total
Excellent 53 24 35 112
Response  (26.5%) (12%) (17.5%)
17 4 18
Moderate 39
Response (8.5%) (2%) (9%)
15 4 29 43
Non Response (7.5%) (2%) (14.5%)
Total 85 32 82 199

X2(4)= 14.61, p < .001

Excellent or moderate responders to both drugs: n = 98 (~49%)
Moderate response or better to either drug: n = 170 (~85%)
Better response to MPH : n = 77 (~38%); Better response to ATX: n = 36 (~18%)
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MACRO Study:
Medication Preference at End of Study

Drug taken first has an odds ratio (OR) of 1.8 [95%CI1=1.01-3.42,
60% - p < .05] for choosing that respective drug at the end of the study.

Individual odds ratio (OR) for the MPH group choosing MPH was
OR = 2.89 and for the ATX group was OR = 1.90 (Cramer’s V =
.149), reflecting the higher likelihood of choosing MPH than ATX.

50% -

40% -

30% -

m MPHFirst W ATXFirst

20% -

N= 6 (20.0%)
10% -

N=24 (80.0%)

0% -

Chose MPH Chose ATX Chose Neither

N=102 N=68 N=29



MACRO Study:
Medication Preference X Responder Status*

60%

50%

n=24 23.5%

40%

30% n=17 25.0%
11.8%

20%
25.0%

10%

0%
N=102 Chose MPH N=68 Chose ATX N=29 Chose Neither

B Responds to Both  ® Responds to ATX Only ® Responds to MPH Only  ® Non-Responder
Preference primarily determined by response to chosen treatment
X2(4)=44.62, p <.001 *Responder: > 50% change in ADHD-RS



Response Rates by Sequence:
MPH to ATX

Block 1 — MPH* Block 2 - ATX

Excellent _ Excellent
Responder { Responder
(N=77) : VEEL)

Moderate
Responder
(N =20)

Moderate
Responder
(N =19)

Non- ' : Non-

Responder e Responder
(N = 25) ' (N=51)

Transitions reported in probability scale.

*Cell counts in block 1 include all block 1 completers, including those who dropped out before completing
block 2 (n=12)



Response Rates by Sequence:
ATX to MPH

Block 1 — ATX* Block 2 - MPH

Excellent
Responder

Excellent

Responder [, .55
N=54) |
( ) 01 "

‘e
.,
.
.
.
.

Moderate
Responder
(N=21)

Moderate
Responder

Non-
Responder Responder
(N =32) - (N =28)

Transitions reported in probability scale.
RED lines represent significantly greater probability than the MPH to ATX group.

*Cell counts in block 1 include all block 1 completers, including those who dropped out before completing
block 2 (n=10)



What Are the Odds of Responding to the First Drug
Prescribed and Choosing It (Focus on MPH)?

Treatment Block 1

Group Responder PIEfaEnes

MPH Excellent OR = 6.40
Response

MPH vs. ATX
to start

ATX Excellent
Response

For choice of MPH.....Main effect of order: OR = 3.86 (MPH-ATX vs. ATX-MPH), p < .01
Main effect of Block 1 response: OR = 3.42 (Responder vs. MR+NR), p < .01
Interaction effect: OR = 6.4 (ER+MPH vs. [ MR+NR+MPH)+(All ATX-MPH)], p < .01



What Are the Odds of Responding to the First Drug
Prescribed and Choosing It (Focus on ATX)?

Treatment Block 1

Group Responder PIEHEMSEE

ATX Excellent OR = 8.68
Response

ATX vs. MPH
to start

MPH Excellent
Response

For choice of ATX.....Main effect of order: OR = 2.25 (ATX-MPH vs. MPH-ATX), p = .25
Main effect of Block 1 response: OR = 3.55 (Responder vs. MR+NR), p <.01
Interaction effect: OR = 8.68 (ER+ATX vs. [(MR+NR+ATX)+(All MPH-ATX)], p < .01




MACRO Clinical Study: Conclusions (1)

* MPH was superior to ATX, but...

— Small differences in ADHD symptom change between
treatments; significant in Block 2 only

* Prior treatment was associated with a larger effect favoring
MPH (i.e., Block 2 differences > Block 1).

— Results of responder analyses more clearly favor MPH

e Consistent with findings from the Eli Lilly funded parallel group
comparator trial.

* Consistent with existing algorithms which recommend starting
with stimulant



MACRO Clinical Study: Conclusions (2)

e Differential response

— The largest number of youth responded to both medications

— Evidence for differential response, more so for MPH > ATX

* Preference was strongly related to excellent response

— More families preferred MPH, but a sizeable minority preferred
and chose ATX.

— People who were excellent responders to both drugs were
equally likely to prefer one or the other

— Path analysis
* Both drugs did better when given first
* Interaction of order and response higher for ATX
* ATX response was less satisfactory in those who failed MPH



MACRO Clinical Study Conclusions (3):
Toward an Algorithm for ADHD Medication Treatment

* The case for using MPH first

— Somewhat larger overall response (symptom change more visible
in second block) and larger number of excellent responders

— More people who are treated with both medications prefer MPH

— Poor responders to MPH are unlikely to be excellent responders
to ATX, though they may achieve a moderate response

* The case for using ATX first

— Comparable symptom improvement to MPH when used first,
though fewer excellent responders and more non-responders

— Relatively better response when used first than after stimulant
— Preferred equally to MPH among excellent responders to both

— Non-responders or moderate responders to ATX likely to have
better response to MPH
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Percent

“Normalization” Following Treatment
in the MTA Study

DBD Cumulative Distributions
(Parent Teacher Average)
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MPH and ATX: Effects on Extracellular
Monoamine Levels in Prefrontal Cortex

Methylphenidate Atomoxetine

== Dopamine
== Norepinephrine

== Dopamine
== Norepinephrine

o

\ MPH 3 mg/kg, ip

0 1 2 3 4 -1 0 1 2 3 4

Time (Hours)

* Promiscuous NET clears both norepinephrine and
dopamine when DAT is absent in prefrontal cortex

Bymaster FP et al., Neuropsychopharmacology2002; 27(5): 69971 711.
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MPH and ATX: Differential Effects on
Extracellular Dopamine Levels in Striatum

Methylphenidate Atomoxetine

=@= Prefrontal cortex
== Striatum
=A== Nucleus accumbens

<.05 vs baseline

-@- Prefrontal cortex
Striatal dopamine
-&= Nucleus accumbens

Time (Hours)

Robust DAT but few NET in striatum

Bymaster FP et al., Neuropsychopharmacology2002; 27(5): 69971 711.



OROS MPH vs. ATX Comparator Study*

Study Period |
Screen/Washout
(Up to 33 days)

Study Period Il
Acute Treatment
(~ 6 weeks)

ATMX (n=22

/

OROS® MPH

(n=220)

2)

PBO (n=74)

ATX
(n=237)

>

Study Period Il
Randomized, Double-Blind
Continuation Therapy
(Up to 8 months)

ATX
Responders

ATX
Poor/Partial
Responders

Continued same dose (N=116)

0.5 mg/kg/day ATX (n=113)

Up to 3.0 ma/kg/day ATX (n=60)

Continued same dose (N=62)

*Funded by Eli Lilly



OROS Methylphenidate vs. Atomoxetine
Comparator Study: Response*

100 - B 423 Atomoxetine
016 OROS
80 - 2 026 . Placebo
(7))
= * |
§ 60 - *
5 *
2 *
g 40 -
X
20 -
0 -
All Patients Prior Stimulant Stimulant Naive
(N=492) (N=301) (N=191)
+ 2 40% Reduction in ADHD-RS Score Newcorn JH, et al. Am J Psychiatry, 2008

* Significantly different from placebo +Funded by Eli Lilly



OROS Methylphenidate vs. Atomoxetine
Comparator Study: Cross-Over from MPH to ATX™*

Responder Non -responder
to ATX to ATX Total
Responder
to OROS 24 100
Nonresponder
{0 OROS 29 35 64
Total 105 59 164

Newcorn JH, et al. Am J Psychiatry, 2008
O40% r educ tRSdotal score ADHD +Funded by Eli Lilly



Crossover Trial of ATX and MPH IR*:
Change in ADHD RS Total Score

Period 1 Period 2

Change in ADHD-RS Total Score

-16 1 mmm Atomoxetine
s VIPH

Lower scores indicate fewer symptoms

Treatment effect, p=.427 ATX mean final dose = 1.56 mg/kg/day
Carryover effect, p=.847 MPH mean final dose = 1.12 mg/kg/day

*Funded by Eli Lilly Sangal et al., 2006



OROS MPH vs. Atomoxetine Comparator Trial*

Figure 2. Change in mean ADHD-RS scores and differences between treatments.
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Design: Community care

2:1 randomization (MPH/ATX)

- 3 weeks of treatment

- ATX begins at 0.5 mg/kg

- Concerta begins at 18 mg

- Medication adjustments as
deemed necessary

- EOT Dose: OROS MPH: 32 mg
ATX: 38 mg (1.12 mg/ kg)

- MPH better; effect larger in

prewously medicated youth

Figure 4. Change in mean ADHD-RS scores and differences between treatments in subjects
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MACRO Study: Key Exclusion Criteria

Major Axis | psychiatric disorder or any comorbid psychiatric
disorder requiring treatment

Medical conditions requiring chronic systemic medication
Diagnosed neurological disorders

History of alcohol or drug abuse in the past 3 months, or a
positive urinary toxic screen on initial evaluation



Blockl: MPH
Block 2: ATX

Covariates:

1) Study Site

2) Age

3) Prior stimulant treatment
4) ADHD Subtype

Blockl1: ATX
Block 2: MPH




Consort Diagram: Trajectory of Treatment

Consented
N=208

New York*

N=67

Dropped

before block 2
N 10

N=56

Dropped before
block 2

N57

Dropped in
block 2
N=2

I
Completed
N=55

Dropped in
block 2
N=1

Completed
N=44

Screen Fails

Consented

Chicago
N=163
MPH ATX
N=54 N=57 N=52

N=85

Reasons for Early Termination (n=33):

» Withdrew consent (n=18; 54.5%)
AEs - not drug related (n=5; 15.2%)
Scheduling problems (n=3; 9.1%)
Lost to follow-up (n=3; 9.1%)
Non-compliant (n=2; 6.1%)

Unable to swallow pills (n=1; 3.0%)
Unknown (n=1; 3.0%)

Dropped

before block 2
N=3

N=371 Consented
N=232 Randomized*
N=199 Completed*

ATX
N=54

Dropped in
block 2

N=1

Completed
N=53

Dropped
before block 2
N=4

G

MPH
N=48

Dropped in
block 2

N=1

Completed
N=47

*5 cases were randomized but did not start drug. These are included in the ITT analyses as Early Terminations
*Completers provided full data in blockl and at least 3 assessment points in block 2



MACRO Study: Definitions of Response

e Response definitions
— Responder: > 50% change in ADHD-RS pre- to post-treatment

— Partial Responder: 30 to < 50% change in ADHD-RS
— Non-responder: < 30% change in ADHD-RS

* Rationale for setting response thresholds at 30% and 50%

— In placebo-controlled studies with ATX, 25% change correlated
with CGI-I of 3 and 40% change correlated with CGI-| of 2

* We did not have placebo control and reasoned that change scores
for both drugs might be somewhat inflated as a result

— Current standard for entry level response in ADHD trials is 30%

— Buitelaar et al. (2008) found that impairment ratings did not
change substantially until 40% - 50% change in ADHD-RS



Statistical Analyses: Response; Preference

Responder analysis and differential response
— Chi Square Tests

* Analyzed completers only (completed block 1 and at least 3
data points in block 2)

* Number Needed to Treat (>50% symptom change)
* Number Needed to Harm (<30% symptom change)
— Latent Transition Analysis

Preference (MPH vs. ATX)

— Determined from post-treatment questionnaire; drug choice
— Generalized linear model

* Analyzed completers with drug preference (N = 170)

* Block 1 Change, Block 2 Change, and Order

* Block 1 X Block 2 interactions (within Order)



Comparative Response: Model Estimated
Means for ADHD-RS Total Score (both blocks combined)

Change in ADHD-RS Total Score

mATX
m MPH




Comparative Response: Model Estimated
Means for ADHD-RS Inattention Score

Block 1

Block 2

25

20 -

15 -

22.46 23.26

10 +— (.88) (.89)

End of Block
W ATX (n =108)

Baseline 1

B MPH (n =124)

25

Baseline 2

® MPH (n =108)

13.01

1081 "ony

(1.00)

End of Block

B ATX (n = 124)

N = 232: all randomized




Comparative Response: Model Estimated Means
for ADHD-RS Hyperactivity/Impulsivity

Block 1 Block 2
20 20
15
10 -
.
(.75)) (.75)
O —
Baseline 1 End of Block Baseline 2 End of Block
B MPH (n=124) ™ ATX(n=108) B MPH (n=108) M ATX (n = 124)

N = 232; all randomized. * p < .05



Less than 46% reduction
ATX to prefer MPH > ATX

Prefer
MPH

AUC =.414 (.07)

AUC =.635 (.06)*

AUC =.698 (.06)**

Less than -56% reduction
To ATX, prefer MPH > ATX




Relationship Between Preference and
Overall Response, By Sequence

207
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Toward an Algorithm for ADHD
Medication Treatment (1)

* Establish priorities
— What is the best drug for the largest number?
— What is the best drug for the individual patient?

— Base choice on safety/tolerability, time action profile or other
consideration(s) rather than response?

— Stimulant or non-stimulant preferred?

* Existing guidelines

— AACAP guidelines recommend starting with an FDA-approved
medication (but highlight stimulant efficacy)

— AAP guidelines recommend starting with a stimulant
— Texas algorithm recommends trial of 2"? stimulant class if first fails



MACRO Clinical Trial:
Discussion, and a Few Caveats (1)
e Study design

— Crossover design is better for certain types of questions
than others, and analytic approach is necessarily complex

e Accounting for order effects offers considerable advantages,
but also has limitations (drug x order interactions)

— Absence of placebo control condition
* Ecologically valid; not necessary for the main study contrasts
* Constrains the ability to conduct certain types of analyses

— Treatment duration of ~ 6 weeks

* Long for this type of study design, but only able to evaluate
acute vs. chronic effects of medications

* Possibly better for MPH than ATX



MACRO Clinical Trial:
Discussion, and a Few Caveats (2)

 Sample size
— Largest comparator crossover study we are aware of, but power
for certain sub-analyses limited

* Findings are limited to the medications studied
— No data on AMP, alpha-2 agonists, other MPH formulations

— Only partially able to generate algorithms

* Findings and conclusions to date are based on top-line
response and preference data only
— Moderator analyses may alter the initial conclusions regarding
relative treatment effectiveness

— Future variables to be examined include comorbidity, genotype,
time to onset of response, and profiles of excellent responders



